Aim: Abrus agglutinin (AGG) from the seeds of Indian medicinal plant Abrus precatorius belongs to the class II ribosome inactivating protein family. In this study we investigated the anticancer effects of AGG against human hepatocellular carcinoma in vitro and in vivo. Methods: Cell proliferation, DNA fragmentation, Annexin V binding, immunocytofluorescence, Western blotting, caspase activity assays and luciferase assays were performed to evaluate AGG in human liver cancer cells HepG2. Immunohistochemical staining and TUNEL expression were studied in tumor samples of HepG2-xenografted nude mice. 
Introduction
Hepatocellular carcinoma (HCC) poses a major global health risk, killing more than half a million people each year [1] . HCC is the fifth most common cause of cancer and the third leading cause of cancer-related deaths worldwide [2, 3] . Although the worldwide distribution of HCC incidences varies largely due to different etiological factors, its occurrence is greater among Asian and African countries compared to western nations [4] . The HCC prevalence and mortality continue to increase, predominantly among men [5, 6] . Despite several advancements in screening techniques and various types of drugs, HCC relapse is frequent and plays a major role in limiting patients' survival. A natural molecule targeting HCC could be a successful next-generation cancer treatment. In this regard, there has been a significant increase in the use of plant lectins as alternative therapeutic molecules owing to their high specificity, nontoxic nature and availability.
The plant lectin Abrus agglutinin (AGG), which is isolated from the seeds of the medicinal Indian plant Abrus precatorius, is a hetero-dimeric glycoprotein with a molecular weight of 134 kDa and a high specificity for Gal (β 1→3) GalNAc [7] . AGG belongs to the class II ribosome inactivating protein (RIP) family and comprises two 30 kDa toxic A chain subunits and two 31 kDa galactose-binding B chain subunits, which are interconnected via a single disulfide bond [8, 9] . AGG has a protein synthesis inhibitory concentration (IC 50 ) of 0.469 μg/mL and a lethal dose (LD 50 ) of 5 mg/kg body weight in mice [9] . Previous work from our group established the proapoptotic, antitumor effect of AGG in several tumor models at sub-lethal doses, demonstrating that AGG activity is highly specific for www.chinaphar.com Mukhopadhyay S et al Acta Pharmacologica Sinica npg cancerous cells and that it induces cell death by targeting mitochondrial apoptosis [7, 9] . In addition to its antineoplastic potential, AGG elicits both humoral and cellular immunity in normal as well as tumor-bearing mice. AGG also activates splenocytes, stimulating a Th1-directed immune response. Interestingly, under heated denaturing conditions, AGG, as well as its peptides, shows peritoneal macrophage-and NK cell-stimulating properties in mouse splenocytes in addition to a significant apoptosis-mediated reduction in Dalton's lymphoma tumors [10] [11] [12] [13] [14] . In this study, we report for the first time the in vitro and in vivo growth inhibitory potential of AGG on HepG2 cells and xenografts in athymic nude mice with the aim of evaluating the role of apoptosis stimulation as a fundamental mechanism in its anticancer activity. We examined various parameters of apoptosis, including Bax upregulation, Bcl-2 downregulation, poly (ADP ribose) polymerase (PARP) cleavage, phosphrylated-Akt (p-Akt), NF-κB and Hsp90 reduction and in vitro DNA fragmentation, together with an analysis of Ki-67 and CD-31 by immunohistochemistry and TUNEL assays using nude mice bearing HepG2 xenografts.
Materials and methods
, propidium iodide (PI), trypsin and agarose were purchased from Sigma-Aldrich (St Louis, MO, USA). Fetal bovine serum (sterile-filtered, South American origin), minimal essential medium (MEM), Dulbecco's modified Eagle medium (DMEM) and antibiotic-antimycotic (100×) solution were purchased from Invitrogen (Carlsbad, CA, USA). Caspase-3 inhibitor III (Ac-DEVD-CMK) was purchased from Calbiochem (San Diego, CA, USA). Other reagents were of analytical grade or of the highest quality available.
Abrus agglutinin AGG was isolated and purified from Abrus precatorius seeds by ammonium sulfate fractionation followed by lactamyl sepharose affinity chromatography and Sephadex G-100 gel permeation chromatography [8] . The activity of isolated AGG was measured by a hemagglutination assay, and the purity of the protein was subsequently analyzed by SDS-PAGE, native-PAGE and gel permeation in HPLC.
Cell culture
The human liver cancer cells HepG2 and the immortalized human keratinocyte cells HaCaT were obtained from the National Centre of Cell Science, Pune. HepG2 and HaCaT cells were cultured in MEM and DMEM respectively, complemented with 10% fetal bovine serum and antibiotic-antimycotic solution followed by incubation at 37 °C in a humidified (95% air : 5% CO 2 ) incubator.
Assay for cell viability
HepG2 and HaCaT cells were harvested from maintenance cultures during the logarithmic phase after being counted in a hemocytometer using trypan blue solution. The cell concentrations were adjusted to 5×10 4 cells/mL, and the cells were plated in 96-well flat-bottom culture plates and incubated with various concentrations of AGG for different durations. The effect of AGG on cancer cell viability was studied using a MTT dye reduction assay by measuring the optical density at 595 nm using a micro-plate reader spectrophotometer (PerkinElmer, Walthman, MA, USA) [7] . Phosphate buffered saline (PBS) that was used to dissolve AGG was used in the control treatment.
DAPI staining of HepG2 cells
Nuclear staining using the DAPI stain was performed according to the method previously described [9] . In brief, HepG2 cells that were either untreated or treated with AGG were smeared on a clean glass slide, and the cells were fixed with 3.7% paraformaldehyde for 15 min, permeabilized with 0.1% Triton X-100 and stained with 1 μg/mL DAPI for 5 min at 37 °C. The cells were then washed with PBS and examined by inverted fluorescence microscopy (Olympus IX 71, Tokyo, Japan).
Clonogenic survival determination in HepG2 cells
The effect of AGG treatment on the reproductive potential of HepG2 cells was assessed using the colony formation assay. Briefly, HepG2 cells were treated with different concentrations of AGG for 12 h and collected by trypsinization. The cells were counted and replated in triplicate on a 6-well tissue culture plate with 3000 cells/well. The cells were cultured for 14 days, with the growth medium being replaced every 3 days. The cells were then stained with 0.5% crystal violet (in methanol/water, 1:1), and the colonies were counted [15] .
DNA fragmentation assay in AGG-treated HepG2 cells For the DNA fragmentation assay, a non-enzymatic method was adopted [16] . Briefly, two million HepG2 cells were seeded onto a 60-mm Petri dish and treated with different concentrations of AGG. After 24 h, the cells were dislodged and pelleted down. Then, 100 µL DMSO was added to the pellets and mixed well, followed by the addition of an equal amount of TE buffer (pH 7.4) with 2% SDS. The mixture was then vortexed and centrifuged at 12 000×g at 4 °C, and 40 µL from the resulting supernatant was then loaded onto a 1.5% agarose gel. The DNA was stained by ethidium bromide and visualized in a Bio-Rad gel documentation system using the Quantity One 1-D analysis software (version 4.6.9, Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Annexin V binding HepG2 cells were treated with different concentrations of AGG, after which the cell pellets were collected after trypsinization. The pellets were washed twice with PBS by centrifu-www.nature.com/aps Mukhopadhyay S et al Acta Pharmacologica Sinica npg gation (Hitachi CR 22GIII High Speed Refrigerated Centrifuge, Tokyo, Japan) at 210×g for 5 min at room temperature. After removal of supernatant, the cells were incubated with Annexin V and propidium iodide in binding buffer and analyzed by flow cytometry (BD Biosciences, Franklin Lakes, NJ, USA) [17] .
Plasmids and transfections
HepG2 cells were cultured in 60-mm petri plates and transfected at 80% confluence with Lipofectamine 2000 reagent (Invitrogen) in Opti-MEM (Invitrogen) following the manufacturer's protocol. The transfection was performed in the presence of a specific human Bax knockout (KO) vector (Addgene plasmid 16575) [18] and an empty backbone pcDNA3 plasmid (Addgene plasmid 10792), which was used for mock transfection. The cells were analyzed 48 h after transfection.
NF-κB luciferase assay
HepG2 cells were seeded into 24-well cultured plates and transfected with the pNFkB-Luc vector (BD Biosciences) and Renilla pGL4.74 [hRluc/TK] vector (Promega, Madison, WI, USA), as discussed in previous section on plasmids and transfections. The cells were treated with varied concentrations of AGG for 12 h, and cell lysates were prepared using Passive Lysis Buffer (Promega). The luminescence was then quantified using a Dual-Luciferase Reporter Assay (E1910; Promega) and a FLUOstar Optima Luminometer (BMG Labtech, Durham, NC, USA). The Relative Light Units (RLU) were obtained for both the Renilla and Firefly Luciferases, and all of the results were expressed as the ratio of Luciferase RLU to Renilla RLU [19] .
Caspase assays HepG2 cells were seeded onto 6-well plates and treated with AGG for 24 h. Then, the cell lysates were used to measure the caspase activity using the Caspase-Glo assay following the manufacturer's protocol (Promega).
Immunocytofluorescence staining and analysis HepG2 cells were seeded onto chamber slides (Falcon, Becton Dickinson, Franklin Lakes, NJ, USA) and maintained in MEM with 10% fetal bovine serum. Approximately 24 h after the AGG treatment at the mentioned doses, the cells were fixed with 2% paraformaldehyde, permeabilized by 0.1% Triton X-100, and then incubated with the primary antibodies for NF-κB (1:50; Santa Cruz, Dallas, TX, USA) and Hsp90 (1:50; Santa Cruz). The p-Akt and total Akt (1:500; Cell Signaling Technology, Danvers, MA, USA) expression variation was studied at the indicated durations of AGG (10 µg/mL) exposure. The secondary anti-rabbit and/or anti-mouse antibodies conjugated with Alexa Fluor (Life Technologies, Grand Island, NY, USA) were used to study the fluorescence of our desired proteins, which were detected using an Olympus IX71 fluorescent inverted microscope and the cellSens Standard software (version 1.6, Olympus Soft Imaging Solutions GmbH, JohannKrane-Weg, Münster, Germany) [15] . The immunocytofluorescent images were quantified by measuring the integrated optical density and area fraction with the ImageJ software (National Institute of Mental Health, Bethesda, MA, USA) [20] .
Western blotting analysis HepG2 cells were treated with different doses of AGG, followed by the extraction of proteins. A lysis buffer containing 50 mmol/L Tris-HCl (pH 7.6), 25 mmol/L NaCl, 0.5% Triton X-100 and 2 mmol/L dithiothreitol was used to extract the cytosolic proteins. The extraction buffer was supplemented on the day of use with 1× cocktail protease inhibitors (Roche Applied Science, Indianapolis, IN, USA), 1 mmol/L phenylmethylsulfonyl fluoride, 10 mmol/L sodium fluoride and 1 mmol/L sodium orthovanadate. Approximately 50 μg protein was subjected to electrophoresis through the distinct percentages of SDS polyacrylamide gel, followed by the transfer of proteins onto polyvinylidene difluoride membranes. The membranes were blocked with a buffer containing 5% BSA in PBST at room temperature for 1 h and subsequently incubated in the same buffer containing various primary antibodies, including PARP, Bcl-2, Bax (1:1000; Cell Signaling Technology) and Hsp90 (1:50; Santa Cruz). The membranes were then incubated at room temperature for 1 h with anti-rabbit and/ or anti-mouse antibodies conjugated with horseradish peroxidase. The proteins of interest were detected using the chemiluminescence method (Perkin-Elmer Life Sciences, Boston, MA, USA) [15, 17] . The protein band intensities from the Western blots were quantified using the ImageJ software [20] .
Human liver cancer xenografts in athymic nude mice Male athymic nude mice (25±2 g, 6-8 weeks old) were used for the anticancer study. The mice were housed in open-top polysulfone cages and provided food and water ad libitum. Room temperature was maintained at 22±2 °C with a light and dark cycle of 14/10 h. All of the animal experiments were performed according to the rules of the "Committee for the purpose of control and supervision of experiments on animals, Ministry of Environment and Forests, Government of India" and the Institutional Animal Ethics Committee, Indian Institute of Technology, Kharagpur, Pin-721302. The HepG2 cells (2×10 6 ) in 100 μL PBS were subcutaneously injected in the flank of male athymic nude mice. After the establishment of visible tumors of ~100 mm 3 , which required approximately 10-15 days, AGG (500 µg/kg body weight) was intraperitoneally injected for next ten consecutive days. A minimum of five animals were used per experimental condition. The tumor volume was measured twice weekly using a caliper and calculated using the formula π/6×larger diameter×(smaller diameter)
2 . At the end of the experiment, the animals were sacrificed, and the tumors were removed and weighed [21] .
Immunohistochemical staining
For the immunohistochemical analysis, formalin-fixed and paraffin-embedded specimens of 3-4 mm thickness were sectioned. The immunoreactivity was determined using diaminobenzidine as the final chromogen. Finally, the sections were counterstained with Mayer's hematoxylin, dehydrated through a sequence of increasing concentrations of alcohol, cleared in xylene and mounted with epoxydic medium. During the immunohistochemical assay, the proof slides were coupled with negative control slides, from which the primary antibody was omitted. The sections were also processed for hematoxylin and eosin staining [21] .
Statistical analysis
All data are presented as the mean±SD. The experimental results were analyzed using Student's t-test. P<0.05 was considered the level of significance when comparing the values from the experimental treatments to those of the control.
Results

AGG treatment resulted in a significant inhibition of cell growth and clonogenic cell survival
In an initial study, we evaluated the effect of AGG on the survival ability of HepG2, liver carcinoma cell line and non-tumor human keratinocyte cell line HaCaT. After AGG treatment at different concentrations for 24, 48 and 72 h, the survival of HepG2 cells was decreased in a dose-dependent and timedependent pattern, whereas the cell proliferation of HaCaT cells was relatively unaffected ( Figure 1A ). Our data demonstrate that AGG is highly specific in inhibiting the growth and proliferation of HepG2 cells but not for normal cells. From the colony-forming assay, we determined the ability of AGGtreated carcinoma cells to grow into colonies after the infinite divisions of the cells. The data demonstrated that AGG significantly decreased the colony-forming potential of liver cancer cells in a dose-dependent manner. The colony numbers decreased from 180±28 in the control group to 140±18, 76±11 and 50±7 in the groups treated with AGG concentrations of 0.1, 1.0 and 10 µg/mL, respectively ( Figure 1B ).
AGG induces apoptosis in HepG2 cells
Next, we explored how AGG treatment prevents HepG2 cell growth and proliferation by inducing apoptosis. To validate our findings, we performed the flow cytometric analysis using Annexin V/PI staining. A sharp increase in the cellular population undergoing apoptosis was observed in the AGG-treated HepG2 cells compared to the control group. The apoptotic population (which included early, late apoptotic and secondary necrotic cells) increased from 6%±0.6% in the control group to 11%±1.7%, 22%±3.4% and 44%±4.5% in the groups treated with AGG concentrations of 0.1, 1.0 and 10 µg/mL, respectively (Figure 2A; Supplementary Figure 1A) . Furthermore, DAPI staining of the AGG-treated HepG2 cells showed characteristic apoptotic morphology, including nuclear membrane blebbing with condensed chromatin, cellular shrinkage and the formation of apoptotic bodies ( Figure 2B ). The typical apoptotic laddering pattern, which is a characteristic biochemical hallmark of apoptosis, was detected via agarose gel electrophoresis in HepG2 cells after 24 h of exposure to AGG at different concentrations ( Figure 2C ). We next analyzed protein expression by Western blotting to identify the molecules that were triggered in AGG-induced apoptosis. We observed a clear decrease in the level of antiapoptotic protein Bcl-2 expression in a dose-dependent manner, whereas the level of proapoptotic protein Bax expression concomitantly increased. 
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Acta Pharmacologica Sinica npg Thereby, there was a dose-dependent increase in the Bax/Bcl-2 ratio leading to apoptosis ( Figure 3A-3C ). PARP-1 is regularly involved in DNA damage repair by the addition of poly (ADP ribose) polymers as an adaptation to a variety of cellular stresses [22] . PARP-1 cleavage is a signature motif of protease action that is unique to the apoptotic death program. The expression level of the PARP-1 cleavage fragment was greater in the AGG-treated HepG2 cells ( Figure 3A and 3D) . In addition, we measured the activity of caspase 3/7, 8 and 9 in AGGtreated HepG2 cells through caspase Glo assay and found that the caspase activity levels increased in a dose-dependent manner ( Figure 3E ). This finding indicates that AGG is able to induce both intrinsic and extrinsic apoptosis; specifically, AGG inhibits the growth of HepG2 cells through caspasedependent apoptosis. To support this finding, we inhibited caspase 3 using Ac-DEVD-CMK and observed a reduction in the caspase 3/7 activity level in the AGG/Ac-DEVD-CMK/ HepG2 cells compared to AGG/HepG2 cells ( Figure 3F ). This result strongly suggests that AGG induces caspase-mediated cell death in HepG2 cells. Moreover, to demonstrate the effect of AGG on the growth and progression of HepG2 cells after caspase inhibition, we performed a cell viability assay to evaluate whether AGG/Ac-DEVD-CMK/HepG2 cells have significantly higher growth and proliferation than AGG/HepG2 cells ( Figure 3G ). Furthermore, we also investigated the effect of Bax knockdown on the apoptotic potential of AGG in HepG2 cells using a Bax KO plasmid (Supplementary Figure  1B and 1C ). There was a significant decrease in the level of caspase 3/7 activity in the AGG-treated Bax KO/HepG2 cells compared to the AGG-treated mock-transfected HepG2 cells (using the empty backbone pcDNA3 plasmid) ( Figure 3H ). This result indicates that AGG induces an increase in proapoptotic Bax expression, thereby activating key molecules, including caspase 3, which subsequently directs the ultimate process of programmed type I cell death.
AGG downregulates the expression of Hsp90, Akt and NF-κB in HepG2 cells NF-κB is involved in regulating the development and maturation of malignancy. NF-κB has frequently been reported to be aberrantly or constitutively expressed in human cancers, impeding apoptosis and promoting cellular migration, proliferation and chemoresistance. NF-κB has recently become a prime target for pharmaceutical research [23] . Our study demonstrated that the expression level of NF-κB (p50) in AGGtreated HepG2 cells decreased in a dose-dependent manner, as shown by immunocytofluorescence ( Figure 4A and 4B) . Moreover, NF-κB expression was also remarkably decreased at the transcriptional level, as demonstrated by Dual-Luciferase Reporter Assay ( Figure 4C ). Although further study is required to unravel the specific molecular mechanism, interestingly, the initial data show that AGG represses Hsp90 signaling along with p-Akt expression, thereby inducing a decrease in NF-κB expression. The data also demonstrate that (Figure 5A-5D ). Simi- The HepG2 cells were pre-treated with 50 μmol/L caspase 3 inhibitor (CI) for 2 h prior to AGG (10 μg/mL) exposure for a period of 24 h, and the caspase 3/7 activity was measured as previously mentioned. (G) The viability of the HepG2 cells was measured using a MTT assay with or without the prior addition of CI (as mentioned above) in the AGG (10 μg/mL)-exposed cells for 72 h. (H) The caspase 3/7 activity was also measured in a similar manner in the AGG-treated or untreated HepG2 cells that were transfected with pcDNA3 (mock) or a Bax KO vector, as mentioned in 'Methods'. All data are represented as the mean±SD of three different observations (using Student's t-test) AGG inhibits primary and distant tumors generated by liver cancer cells in nude mice Finally, to demonstrate the in vivo efficacy of AGG in the human liver cancer xenograft model, HepG2 tumors were established in the flanks of athymic nude mice. After palpable tumors of ~100 mm 3 developed (in approximately 10-15 days) the animals received one injection per day in the peritoneum of 500 µg/kg body weight for 10 consecutive days. The control group developed large, aggressive and actively proliferating tumors in nude mice. However, the AGG-treated mice exhibited reduced tumor growth, demonstrating that the AGG-treated groups had significantly lower tumor weight and volume compared to the control group ( Figure 6A and 6B). We initially began working with male athymic nude mice weighing approximately 25±2 g, and did not observe any statistically significant changes in the body weight of the nude mice during the entire course of the experiment. Moreover, as shown in Figure 6A , the average tumor weight in the control group was 1.6±0.54 g, which is not significantly different from that in the nude mice. The tumor tissues were subjected to immunohistochemistry for the cell proliferation marker Ki-67 and the angiogenic marker CD-31 and to an apoptotic TUNEL assay. In the HepG2 xenografts, the AGG-treated group showed a significant reduction in CD-31 and Ki-67 staining as well as enhanced TUNEL expression compared to the control ( Figure 7 ). These findings indicate that AGG can efficiently regulate the inhibition of cell proliferation and angiogenesis, resulting in tumor growth inhibition.
Discussion
Lectins are naturally occurring potential alternative anticancerous therapeutic agents, and there have been several reports regarding the antineoplastic response due to various phytolectins [24, 25] . This Achilles heel approach supports lectins as principal precursors for therapeutic treatments. In addition to advanced lectin research in China and India, Europe has also begun to adopt lectins as alternative tumor therapies. The present work elucidated the antineoplastic potential of AGG, a RIP II family member that triggers caspase-mediated, apoptotic programmed type-I cell death. Here, we report for the first time the novel in vitro and in vivo effects of AGG on HCC.
The insight into the molecular machinery of lectin-mediated cell death has opened a new perception of complementary and alternative medicinal development. In this regard, several plant lectins, including Phaseolus vulgaris lectin, Concanavalin-A (ConA) and lectins from Astragalus membranaceus and Momordica charantia, induce apoptotic cell death in cancer cells that originate from different sources and tissues [26] [27] [28] [29] [30] . Additionally, ConA has been reported to elicit autophagic cell death in HCC [31] . In addition to this study, we have shown b P<0.05 vs control. All images and blots were quantified using the ImageJ software.
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Acta Pharmacologica Sinica npg naceus that induces caspase-dependent apoptosis in human leukemia cells [30] . The immunoblot analysis of AGG in our study revealed a sharp upregulation of Bax and a simultaneous downregulation of Bcl-2, along with PARP cleavage, in a dose-oriented manner. Interestingly, AGG failed to increase the caspase 3/7 activity level following the knockout of Bax in HepG2 cells, indicating that AGG-triggered caspase-mediated cell death is eventually increased along with Bax expression. By establishing a Bcl-2 over-expressing HCC cell line, Hu et al demonstrated that Bcl-2 stimulates the survival of hepatocellular cells against plant lectin ricin insult [33] . The antineoplastic efficiency of Momordica charantia lectin against nasopharyngeal carcinoma progressed through cytochrome c released from damaged mitochondria followed by the activation of caspases 8, 9 and 3, thereby increasing the production of cleaved PARP and resulting in DNA fragmentation and apoptosis [31, 32] . Following AGG exposure, the Western blotting analysis demonstrated that the decrease in Hsp90 expression resulted 
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Acta Pharmacologica Sinica npg in a decrease in the p-Akt level and a consequent decrease in the downstream NF-κB inflammatory expression and concomitant activation of caspases, leading to apoptosis. Qing et al previously reported the molecular link between Hsp90 inhibition and NF-κB downregulation through geldanamycin, a specific Hsp90 inhibitor [34] . Another study by Pandey et al demonstrated that Hsp90 overexpression inhibits apoptosis by interfering with Apaf-1 negatively [35] . The antiapoptotic function of Hsp90 is further demonstrated by its ability to interact with the p-Akt protein, which plays a pivotal role in cell survival by caspase 9 inactivation, thereby ensuring cellular survival [36, 37] . In this connection it was found that AGG reduces the Hsp90 level which might result in a downstream suppression of Akt phosphorylation. Interestingly, previous studies demonstrated that ConA regulates antineoplastic activity through the IKK-NF-κB-COX-2 pathway [38, 39] . In support of our previous findings [7, 9, 10, 14] , this study showed that AGG significantly suppressed the growth of HepG2 tumors grafted onto the flank of nude mice, and reduced CD-31 and Ki-67 staining as well as enhanced TUNEL expression. These results indicate that AGG can efficiently regulate the inhibition of cell proliferation and angiogenesis, resulting in tumor growth inhibition. AGG was administered intraperitoneally to suppress the growth of distant tumors in the flank, indicating a potential association of AGG's immunoadjuvant and bystander activity in systemic tumor regression [10, 11, 13, 14] . Accordingly, several plant lectins have been widely studied and were found to possess different tumor suppressive activities that are associated with a potent anticancer response [25, 28, 31] . For example, mistletoe lectins belonging to the RIP II family have been shown to inhibit lymphoma growth in mice and are used as an adjuvant therapy to treat various forms of human cancers [40] . Therefore, the results of this study support the use of AGG as a naturally occurring anticancer molecule for liver cancer treatment. Further insight into the molecular mechanisms involved in the apoptotic machinery will help us gain knowledge regarding the antineoplastic efficacy of AGG.
